The final fate of gravitational collapse of massive stars has been a subject of interest for a long time since such a collapse may lead to black holes and naked singularities alike. Since, the formation of naked singularities is forbidden by the cosmic censorship conjecture, exploring their observational differences from black holes may be a possible avenue to search for these exotic objects. The simplest possible naked singularity spacetime emerges from the Einstein massless scalar field theory with the advantage that it smoothly translates to the Schwarzschild solution by the variation of the scalar charge. This background, known as the Janis-Newman-Winicour spacetime is the subject of interest in this work. We explore electromagnetic observations around this metric which involves investigating the characteristics of black hole accretion and shadow. We compute the shadow radius in this spacetime and compare it with the image of M87*, recently released by the Event Horizon Telescope Collaboration. Similarly, we derive the expression for the luminosity from the accretion disk and compare it with the observed optical luminosity of eighty Palomar Green quasars. Our analysis indicates that the shadow of M87* favors the Schwarzschild background while the quasars on the other hand exhibit the existence of a non-trivial scalar charge from the accretion data thereby supporting the Janis-Newman-Winicour spacetime. The implications of this result are discussed.
Introduction
One of the classic unresolved problems in general relativity is the ultimate fate of the gravitational collapse of a massive body, such as a star. It has been conjectured that the end state of any generic complete gravitational collapse leads to a Kerr black hole characterized by only its mass and angular momentum. All other information regarding the initial conditions of the collapse, the symmetries and the nature of matter fields that were present in the beginning of the collapse gets radiated away. It turns out that it is very difficult to prove this conjecture either analytically or numerically and therefore one cannot definitively say that the ultimate fate of a gravitational collapse always leads to the formation of a black hole. In fact, investigations reveal that such gravitational collapse with a set of allowed initial conditions often lead to the formation of naked singularities [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] , even though such objects are forbidden by the cosmic censorship conjecture [12] .
While the end products of gravitational collapse continues to be debatable, it is worth exploring the observational differences between black holes and naked singularities, assuming that they have been formed by some mechanism. Given the surfeit of data available in the electromagnetic domain, this has intrigued researchers worldwide since such a study can enhance our understanding regarding the nature of compact objects at the galactic centres or in the X-ray binaries. Observations related to accretion disks [13] [14] [15] [16] [17] [18] [19] or gravitational lensing [20] [21] [22] [23] [24] [25] [26] have revealed that black holes and naked singularities often exhibit strikingly different properties which can be used as a possible probe to differentiate between them. Further, ultra high energy collisions and fluxes of the escaping collision products can be another possible tool to discern between the two different entities [27] . There are however cases when certain wormhole spacetimes and naked singularities exhibit similar observational features like that of a black hole which makes the differentiation quite difficult [28] [29] [30] [31] . However, this will be kept outside the purview of the present discussion.
In the present work we consider the Janis-Newman-Winicour (JNW) naked singularity which represents an exact solution of the Einstein's equations with a massless scalar field [32] . This solution was originally derived by Fisher [33] in a different parametrization while Bronnikov & Khodunov [34] subsequently studied its stability. It was later rediscovered by Wyman [35] and the equivalence of the Wyman solution with the Janis-Newman-Winicour spacetime was established by Virbhadra [36] . It is interesting to note that addition of the massless scalar field in the action changes the nature of the spherically symmetric and asymptotically flat exact metric solution from the Schwarzschild black hole to the JNW naked singularity. Consequently,it can be shown that one can recover the Schwarzschild metric from the JNW spacetime by continuously adjusting a single metric parameter representative of the scalar charge of the naked singularity.
There exists several works in the literature which explored the optical properties of the Janis-Newman-Winicour spacetime, e.g. gravitational lensing and relativistic images [23] [24] [25] [26] 37] , accretion and shadow [21, 22, 37, 38] . The aim of this work is to explore the nature of shadow and the emission from the accretion disk around the Janis-Newman-Winicour spacetime and compare them with the available observations. The optical luminosity of eighty Palomar Green quasars and the recently released shadow of M87* are used as the observational sample for comparing the theoretical results.
The paper is organized as follows: In Section 2 we review the basic properties of the Janis-Newman-Winicour spacetime. We study the structure of the shadow cast by the JNW spacetime and compare it with the image of M87* in Section 3. Section 4 serves as a quick overview over the 'thin accretion disk' model proposed by Novikov & Thorne which helps us to evaluate the accretion disk luminosity for a sample of eighty Palomar Green quasars. Subsequently we compare this with the observed luminosity of the quasars to distinguish the JNW spacetime from the Schwarzschild background. We end with a summary of our results and the concluding remarks in Section 5.
We use (-,+,+,+) as the metric convention and will work with geometrized units taking G = c = 1.
Janis-Newman-Winicour spacetime: A quick review
In this work we consider the Einstein massless scalar (EMS) field theory such that the massless scalar field is minimally coupled to gravity. The associated action is given by
where, g and R are respectively, determinant of the metric tensor and the Ricci scalar, κ 2 = 8πG (G is the four-dimensional gravitational constant) and φ(r) is the minimally coupled scalar field. In four dimension, the corresponding Einstein's gravitational field equations derived from the above action has an exact static and spherically symmetric solution [36, 39, 40] given by,
which is popularly known as the Janis-Newman-Winicour solution in the literature. In Eq. (2) 0 ≤ γ ≤ 1, r = rc 2 /GM and bγ = 2, such that the Schwarzschild metric is retrieved when γ = 1. There is a curvature singularity atr = b which is also the location of the event horizon. Since the singularity is not cloaked by the event horizon this metric represents a naked singularity and hence we confine ourselves in the regioñ r > b. The solution for the scalar field and the associated energy-momentum tensor are respectively given by
where b is related to the scalar charge q by,
such that smaller γ corresponds to a larger magnitude of the scalar field. In the context of string theory a pseudo scalar field known as the axion, arises as the dual of the field strength of the Kalb-Ramond field B µν minimally coupled to Einstein gravity in four dimensions. The Kalb-Ramond field B µν with the transformation property of a second rank anti-symmetric tensor gauge field has the following action,
where H αµν = ∂ [α B µν] is the field strength tensor which has the pseudo-scalar axion field H as its dual,
In terms of the axion field the energy-momentum tensor of the Kalb-Ramond field can be written as
which resembles Eq. (4). Under a different choice of the metric ansatz, the resultant static, spherically symmetric and asymptotically flat solution of the Einstein's equations (associated with the Kalb-Ramond field) assumes a perturbative solution of the the form [41] , ds 2 = −e ν(r) dt 2 + e λ(r) dr 2 + r 2 dΩ 2 (9) such that
where h refers to the axion parameter. For the solution of the Kalb-Ramond field strength and the axion field one is referred to [41, 42] . Just like the JNW space time this metric also smoothly translates to the Schwarzschild solution in the event the axion parameter h vanishes. We have already explored the properties of accretion and shadow in the spacetime with the axionic charge [43, 44] . In this work, we will explore the motion of both the massless and the massive particles around the Janis-Newman-Winicour spacetime. In case of massive particles we will study accretion of matter, while the properties of the black hole shadow can be investigated by studying motion of the massless particles. In both cases we will confront our theoretical findings with the available observations to provide constrain on the metric parameter γ. In each case we will compare our findings with the results obtained previously for the axion metric (Eq. (9),Eq. (10a),Eq. (10b)).
Shadow cast by the compact object governed by the Janis-Newman-Winicour spacetime
With the advent of the Event Horizon Telescope, it has been possible to obtain the image of the central compact object in the galaxy M87. This is complimentary to the electromagnetic observations related to accretion. The shadow refers to the gravitationally lensed projection of the photon circular orbits onto the observer's sky. When light from a distant source or the surrounding accretion disk come close to the photon sphere, a part of it falls into the compact object while the remaining escapes to infinity [45] [46] [47] [48] [49] . Consequently, the observer perceives a dark patch in the local sky known as the shadow. The boundary of the shadow testifies strong gravitational lensing near the photon sphere and hence the shape and size of the shadow captures useful information regarding the nature of the background spacetime [20, 47, [50] [51] [52] .
In what follows, we will study the nature of the shadow cast by the Janis-Newman-Winicour spacetime and confront it with the observed shadow of M87*. We initiate by first exploring the structure of the shadow in a most general spherically symmetric spacetime.
Structure of the shadow in a general spherically symmetric background
In this section, we work out the structure of the black hole shadow in a general static and spherically symmetric background given by
This metric ansatz is a more generalized form than the one usually used in the literature due to its modified volume factor, i.e. the coefficient of dΩ 2 is not just r 2 but also has a function of r multiplied to it. This is important since we are eventually interested in studying the properties of the shadow in a metric given by Eq. (2). Due to the time and zenithal angle independence of the metric, the energy E and the total angular momentum L of the photons are conserved. The constants of motion are given by,
respectively. The Hamilton-Jacobi equation can therefore be integrated to obtain the following solution for the action,
whereS(r, θ) is an arbitrary function of radial and angular coordinates. Assuming separability ofS(r, θ) asS(r, θ) = S r (r) + S θ (θ), and substituting the Hamilton-Jacobi equation for r and θ in the Hamiltonian we obtain,
where the separation constant C, known as the Carter constant represents a third constant of motion [53] . Therefore the geodesic equations for r and θ are given by,
respectively, where
represents the effective potential for radial motion of photon, while
such that χ = C/E 2 and l = L/E. The radius of the photon sphere r ph is defined such that the radial velocityṙ vanishes and the effective potential V eff (r) possesses an extrema. Generally this turns out to be a maxima, representing an unstable equilibrium of the photon, resulting in either fall into the gravitating object or escaping to infinity due to even slight perturbation. Consequently, photon sphere plays the important role in determining the boundary of the shadow. Therefore, r ph is obtained by solving R(r) = R (r) = V eff (r) = 0, such that the above conditions yield
respectively. The photon sphere in an arbitrary spherically symmetric metric is therefore obtained by solving Eq. (18) for r. In the limit R = 1 we get back the known result rν = 2 [44] . The contour of the black hole shadow in the observer's sky is obtained by considering the projection of the photon sphere in the image plane [54] . Determination of the shadow outline depends on the largest positive radius obtained by solving Eq. (18) [45, 46] . Two celestial coordinates α and β which are directly related to l and χ designates the locus of the shadow boundary [46, 54] .
Following the prescription as given in [44, 46] , it can be shown that
From the above analysis it can be concluded that for any general static, spherically symmetric and asymptotically flat metric the shadow is circular in shape and depends on the radius of photon sphere which in turn solely depends only on the g tt component of the metric. We also note that for an asymptotically flat observer the radius of the shadow does not depend on the distance r 0 and the inclination angle θ 0 of the observer.
Shadow of the compact object governed by the Janis-Newman-Winicour spacetime
In this section we will study the properties of the shadow given by the metric in Eq. (2). Before we proceed with the discussion of the shadow, we first plot the effective potential discussed in the last section in Fig. 1a . The figure depicts the behaviour of the effective potential with the variation of the metric parameter γ. As expected, the effective potential V ef f has a maxima occuring at the photon sphere r ph , which depends on the value of γ. On decreasing the scalar charge q (or increasing γ), r ph becomes smaller along with the height of the potential. Figure 1 : The above figure depicts the dependence of (a) the effective potential (b) photon sphere and the radius of the shadow on the metric parameter γ.
We can further determine the radius of the photon sphere and the shadow using Eq. (18) and Eq. (19) for the metric in Eq. (2). These are given bỹ
respectively. From Section 2 we recall that bγ = 2 and 0 ≤ γ ≤ 1. We note that as we decrease the value of γ from unity, the radius of the photon sphere r ph increases while that of the shadow r sh decreases. At γ = 0.5 both r ph and r sh become equal tor c = b, the radius where the curvature singularity occurs. When γ < 0.5, r ph <r c and therefore we confine ourselves in the region 0.5 ≤ γ ≤ 1. The above discussion is illustrated in Fig. 1b . The region of unphysical solutions (r < b) is shaded in blue. As soon as the field parameter γ approaches the critical value γ = 0.5, physical solutions for r ph and r sh ceases to exist. At a glance, this atypical behaviour of photon sphere and shadow seems counter-intuitive since the radius of the shadow generally increases with the radius of the photon sphere. In this respect the behavior of the Winicour solution is quite unique. But one can understand this scenario with the analogy of having an optical lens system in a medium denser than air. Optical system in relatively denser medium bends light relatively smaller. Similarly, increasing the scalar charge q is equivalent to putting the optical system in a relatively denser medium i.e. a medium with larger refractive index. Consequently, light bending is maximum in the Schwarzschild scenario compared to the situation where there is scalar charge. The diagrammatic realisation has been shown in Fig. 2 which clearly shows that the presence of scalar field causes lesser deflection of light compared to the Schwarzschild scenario. Finally we end our discussion with a few interesting comments:
• We have noted from Section 2 that the scalar field and the Kalb-Ramond field both minimally coupled to gravity give rise to identical energy-momentum tensor. However, in the case of the scalar field the solution of the gravitational field equations lead to an exact metric representing a naked singularity while in the other case the solution leads to a perturbative metric representing a black hole. We have explored in an earlier work [44] the dependence of the shadow radius on the axion parameter h and found that a negative h enhances, while a positive h diminishes the shadow compared to the Schwarzschild scenario. In the Winicour solution on the other hand, the shadow decreases with decrease in γ (or increase with the scalar charge) and its radius is always less than the Schwarzschild case. This is illustrated in Fig. 3 .
• We note from Fig. 3b that the Schwarzschild scenario produces larger radius for the shadow compared to the ones with non-trivial scalar charge. This result has important implications with respect to the observed shadow of M87*. It is known that the angular diameter of the shadow increases for an object with a larger shadow radius and bigger mass while decreases with the distance from the observer.
Recently, the Event Horizon Telescope Collaboration have released the image of the compact object M87* in the centre of the galaxy M87 [55] [56] [57] [58] [59] [60] . The angular diameter of the shadow is estimated to be 42 ± 3µas and its mass is constrained to be M ∼ 6.2 +1.1 −0.5 × 10 9 M [61] from stellar dynamics measurements while M ∼ 3.5 +0.9 −0.3 × 10 9 M [62] from gas dynamics studies. Moreover, the distance of the source is reported to be D = (16.8 ± 0.8) Mpc [63] [64] [65] from stellar population measurements. The angle of inclination is taken to be 17 • which the jet axis makes to the line of sight. Due to this small inclination angle the effect of angular momentum on the shape of the shadow gets suppressed. This also allows us to compare our spherically symmetric theory with the first image of the black hole.
From the above data, one can constrain the background spacetime created by the compact object M87* through the radius of its shadow. We have shown earlier [44, 52] that given the mass and distance of M87*, a spacetime which creates a shadow larger than the Schwarzschild scenario explains the observations better. In the current situation since the presence of the scalar field (smaller γ) diminishes the shadow radius, the Schwarzschild scenario seems to be observationally more favored compared to the Winicour solution. However, it is important to note that while deriving the shadow radius we had implicitly assumed that the surrounding medium is optically thin such that the effect of the metric dominates the observed image. This may not be true and if the surrounding medium is optically thick then from the image of the surrounding accretion disk it is difficult to distinguish the JNW spacetime from the Schwarzschild metric [37] . • We could have considered the metric ansatz in Eq. (2) by removing the constraint bγ = 2M and kept γ and b independent. Such a metric ansatz is compatible with the Einstien's equations with the minimally coupled scalar field. We refer to such a metric as the generalized Janis-Newman-Winicour solution. The interesting characteristic of this generalised solution is that we do not get physical solutions for the photon sphere and the shadow for all values of the metric parameters γ and b. In Fig. 4 , the regions b > 0, γ < 0 and b < 0, γ > 0.5, produces negative radii for the photon sphere and the shadow and hence are not physically important. As discussed in Section 3.2 real positive solution of the shadow is achievable only if |γ| > 0.5. In fact for the region |γ| < 0.5, no physically realizable solution of photon sphere and shadow can be found (Fig. 1b) . Hence the observation of shadow may be possible if b > 0, γ > 1/2 or b < 0, γ < −1/2. The second scenario where b and γ are negative is not much discussed in the literature. However when we are in the region b > 0 we must have γb = 2, so that we can reproduce the Schwarzschild limit for the gravitating object. This particular case when b > 0 is widely known as Janis-Newman-Winicour solution. Hence in this region, our two parameter solution reduces to one parameter solution discussed earlier. For the particular case when γ = 1, the solution in Eq. (2) represents the Schwarzschild solution. (a) 
Accretion around the Janis-Newman-Winicour spacetime
In this section we investigate the properties of the electromagnetic emission from the accretion disk in the Janis-Newman-Winicour spacetime. The continuum spectrum emitted by the accretion disk depends not only on the nature of the background metric but also on the properties of the accretion flow. We assume the Novikov-Thorne model [66, 67] for the accretion disk where the disk is considered to be geometrically thin and optically thick. Accretion takes place chiefly along the equatorial plane such that the accreting particles have large azimuthal velocity v φ with negligible radial velocity v r and even smaller vertical velocity v z . The presence of viscosity in the system endows the accreting matter a small radial velocity which enables it to inspiral and fall into the central compact object. Within the domain of the Novikov-Thorne model the accreting matter has practically negligible v z and hence the Novikov-Thorne accretion disk harbors 'no outflows'. As the accreting matter inspirals, they lose gravitational potential energy which gets converted into electromagnetic radiation. This radiation interacts very effectively with the accreting matter and almost all of it is radiated out from the system and no heat is trapped with the accretion flow. A temperature gradient exists within the disk such that the inner disk is much hotter compared to the outer disk. Since matter and radiation interacts very efficiently, every annulus of the disk emits a black body commensurate with the temperature of the disk. The integrated emission from the disk is therefore a multi-temperature black body radiation. With these assumptions of the 'Novikov-Thorne' model the flux from the accretion disk assumes an analytic form,
where, Ω, E and L are the angular velocity, specific energy and specific angular momentum of the accreting particle at the radial distance r. For a spherical symmetric metric, these can be expressed in terms of the metric parameters as,
and
E ms and L ms refer to the energy and angular momentum of the test particle at the marginally stable circular orbit. For a detailed discussion on the Novikov-Thorne model and a derivation of the expression for flux one is referred to [66] [67] [68] .
Since the photon emits a Planck spectrum at every radius, the peak temperature is given by T (r) = F (r)/σ In Eq. (27) , i refers to the inclination angle of the disk to the line of sight, r g = GM/c 2 denotes the gravitational radius, and z g denotes the gravitational redshift factor given by,
The red-shift factor takes care of the modification induced in the photon frequency while travelling from the emitting material to the observer [69] . Note that the theoretical spectrum depends chiefly on the g tt component of the metric while the g rr component and the volume factor is required only through the determinant of the metric (see Eq. (22), Eq. (27)) [43] .
The dependence of the theoretical spectrum from the accretion disk on the metric parameter γ is illustrated in Fig. 5 . We note that the presence of the scalar charge enhances the luminosity from the accretion disk. In the next section we will estimate the observationally favored value of γ by comparing the theoretically calculated luminosity with the observed luminosity of eighty Palomar Green quasars.
Observational sample
In this section, we compute the optical luminosity of a sample of eighty Palomar Green quasars [70, 71] and compare these with the corresponding observed values. We compute L opt ≡ νL ν at the wavelength 4861Å [71] . We are interested in the theoretical estimates of the optical luminosity since for supermassive black holes, the luminosity from the accretion disk generally peaks in the optical part of the spectrum. The masses of these quasars have been estimated earlier [72] [73] [74] [75] [76] [77] [78] while the accretion rates are reported in [71] . Using observed data in the optical [79] , UV [80] , far-UV [81] , and soft X-ray [82] , the bolometric luminosities of these quasars have been estimated. Since quasars have lower inclination angles we adopt cosi ∼ 0.8 [71] . It turns out that for a Schwarzschild black hole the error (e.g., reduced χ 2 , Nash-Sutcliffe efficiency, index of agreement etc.) between the theoretical and observed luminosities get minimized when cosi lies between 0.77 − 0.82 [83] . Moreover, Piotrovich et al. [84] estimated the inclination angles of some of the quasars in our sample which turns out to be consistent with our choice.
Numerical Analysis and error estimators
In this section we compute several error estimators which will enable us to deduce the observationally favored model of γ.
• Chi-square χ 2 : Consider a set of observed data {O i } with possible errors {σ i }. The corresponding model estimates of the observed quantity is denoted by Ω i (γ), where γ denotes the average scalar charge of the quasars. The χ 2 of the distribution is then given by,
For our sample, the error {σ i } corresponding to optical luminosities of individual quasars are not reported. Hence we assign equal weightage to every observation. From Fig. 6 we note that χ 2 minimizes for γ ∼ 0.5 which implies that the Schwarzschild scenario with γ ∼ 1.0 is observationally less favored. 
where O av denotes average of the observed values of the optical luminosities of the quasars. Unlike χ 2 , the model which best describes the observation maximises the Nash-Sutcliffe Efficiency. A model with E ∼ 1 is considered to be an ideal model that accurately predicts the observations. As depicted in Fig. 7a in our case, E maximizes for γ ∼ 0.5, indicating that such a model predicts the observation marginally better than the Schwarzschild scenario.
Nash-Sutcliffe Efficiency E tends to be oversensitive to higher values of the luminosity, for taking square of the error in the numerator (see e.g. Eq. (31)). Therefore, a modified version of the Nash-Sutcliffe Efficiency denoted by E 1 [86] is used, where,
Similar to E, a model which maximizes E 1 is considered to be a better description of the data. Fig. 7b illustrates that E 1 maximizes for γ ∼ 0.5 and the conclusions drawn previously remain unaltered.
• Index of agreement and its modified form: The index of agreement was proposed [87] [88] [89] to overcome the insensitivity of the Nash-Sutcliffe Efficiency and its modified form towards the differences between the observed and predicted means and variances. Denoted by d, it assumes the form, The denominator, which denotes the maximum deviation of each pair of observed and predicted luminosities from the average luminosity is known as the potential error.
Similar to Nash-Sutcliffe Efficiency, the index of agreement suffers from oversensitivity to higher values of optical luminosity and hence its modified version d 1 is proposed, where,
Similar to the previous error estimators, we note from Fig. 8a and Fig. 8b that the model which best describes the observation maximizes d and d1 and hence corresponds to γ ∼ 0.5. The Schwarzschild scenario is marginally disfavored.
Conclusion
The main goal of this work is to explore the characteristics of electromagnetic observations in the Janis-Newman-Winicour spacetime and confront them with the available observational data. This naturally involves investigating the nature of the black hole shadow and accretion in this background. Below we enlist the important results of this work:
• While investigating the properties of the shadow we note that the presence of the scalar charge decreases the effects of the gravitational lensing and diminishes the shadow radius compared to the Schwarzschild scenario. Since the observed shadow of M87* exhibits an angular diameter greater than a Schwarzschild black hole, the JNW spacetime is even less favored from this observation. In a future observation if the angular diameter is found to be less compared to the Schwarzschild scenario, one can explore the possibility of JNW spacetime to explain the data.
• With the increase in scalar charge or decrease in γ the radius of the photon sphere increases while that of the shadow decreases. This feature is one of the unique properties of the Janis-Newman-Winicour spacetime.
• In the Winicour solution when the metric parameters γ and b are treated as independent, a new regime emerges where b is negative and γ ≤ −0.5. This represents a horizonless compact object with real positive solutions for photon sphere and shadow. This is an interesting generalization in the parameter space of the Janis-Newman-Winicour spacetime which has not been discussed much in the literature.
• Apart from studying the nature of the shadow in the Janis-Newman-Winicour spacetime, we also explore the effects of this background on the accretion onto the compact object. We compute the theoretical luminosity from the accretion disk for a sample of eighty Palomar Green quasars and compare them with the corresponding observations. Several error estimators are computed to evaluate the observationally favored value of γ which reveals that an average γ ∼ 0.5 is the most favored model of scalar charge for the quasars.
Our error analysis reveals that accretion data clearly favours the presence of scalar charge. It is however important to mention that the quasars are multicomponent systems containing the accretion disk, the corona, the jet and the dusty torus emitting in all bands of the electromagnetic spectrum and we have modelled only the emission from the accretion disk. This is because modelling the entire spectral energy distribution (SED) theoretically is extremely challenging which is why one resorts to phenomenological models. Our goal in this work is not to model the entire SED but to constrain the value of γ from the accretion observations using a theoretical model for the disk. Amongst the available theoretical models the Novikov-Thorne model is very successful in modelling the emission from the accretion disk and our work is simply a first attempt to identify the observationally favored value of the scalar charge of the JNW spacetime from accretion data. While a more comprehensive theoretical modelling of the SED is necessary for a clearer understanding of the backgound metric we can clearly state at this point that modelling the emission from the accretion disk (optical/UV part of the spectrum) by the thin disk approximation favors the Janis-Newman-Winicour spacetime compared to the Schwarzschild scenario.
